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(57) Abstract: A composite amplifier includes a first and a second power amplifier ( 1 6, 1 8) connected to a Chireix oulpui network 
(20). Means ( 10, 22) provide equal first and linear drive signal components thai depends linearly on the amplitude t(t) of an ampli- 
tude modulated input sicnal Further means (10, 24) provide first and second nonlinear drive signal components that have the same 
magnitude but opposite siuns and depend non-lineariy as VKlf/J on the amplitude AO) and are in quadrature to the first and second 
linear drive signal components. Means (26, 28, 30, 32) individually adjust amplitudes and phases of the drive signal components 
to lower drive power consumption Means (34, 36) form a first composite drive signal to the first power amplifier by adding the 
adjusted first linear drive signal component to the adjusted first non-linear drive signal component a second composite drive signal 
to the second power amplifier by adding the adjusted second linear drive signal component to the adjusted second non-linear drive 
signal component 
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COMPOSITE AMPLIFIER 
TECHNICAL FIELD 

The present invention relates to a composite amplifier including two power 
amplifiers that are connected to a load over a Chireix output network. 

BACKGROUND 

In many wireless communications systems the power amplifiers in the trans- 
mitter ar e required to be very linear, in addition to being able to simulta- 
neously amplify many radio channels (frequencies) spread across a fairly 
wide bandwidth. They also have to do this efficiently, in order to reduce 
power consumption and need for cooling, and to increase the lifetime of the 
amplifiers. The linearity is required to be good since nonlinear amplifiers 
would cause leakage of interfering signal energy between channels. 

The amplitude probability density of a mix of sufficiently many independent 
radio frequency (RF) channels, or of a multi-user CDMA signal (CDMA = 
Code Division Multiple Access), tends to be close to a Rayleigh distribution 
having a large peak- to-average power ratio. Since a conventional RF power 
amplifier (especially class B) generally has an efficiency proportional to its 
output amplitude, its average efficiency is very low for such signals. 

In response to the low efficiency of conventional linear power amplifiers, sev- 
eral methods have been proposed. One of these is the Chireix outphasing 
method [1], sometimes and in some embodiments called "linear amplification 
using nonlinear components" (LINC). The Chireix method has been used ex- 
tensively for AM broadcast transmitters [2, 3]. However, the method has so 
far been unsuccessful in delivering the theoretical high efficiency for high 
peak-to-average power ratios, especially while maintaining high linearity and 
when using practical RF transistors. 
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SUMMARY 

An object of the present invention is to increase the efficiency of a composite 
amplifier having a Chireix output network. Preferably this amplifier should 
also be highly linear. 

This object is achieved in accordance with the attached claims. 

Briefly, the efficiency of the composite amplifier can be increased by forming 
a non-constant low power drive signal that depends non-linearly on the am- 
plitude of the input signal to one or both of the power amplifiers. 

A preferred embodiment separates the outphased signals into in-phase and 
quadrature-phase components, which are individually amplitude and phase 
adjusted and recombined to reduce drive power consumption. 

By proper filtering, the amplifier will be highly linear over a wide frequency 
range. In addition to improved efficiency, this solution also reduces the pre- 
cision requirements for the combining Chireix network, RF chains and signal 
component separation, thereby greatly simplifying production. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further objects and advantages thereof, may best 
be understood by making reference to the following description taken together 
with the accompanying drawings, in which: 

Fig. 1 is a block diagram of a conventional Chireix amplifier; 

Fig. 2 is a block diagram illustrating the principles of a composite am- 
plifier in accordance with the present invention; •> 

Fig. 3 is a diagram illustrating the relationship between drive signal 
amplitude and output signal amplitude of one power amplifier in a conven- 
tional Chireix amplifier; 
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Fig. 4 is a diagram illustrating the relationship between drive signal 
phase and output signal amplitude of one power amplifier in a conventional 
Chireix amplifier; 

Fig. 5 is a diagram illustrating the relationship between drive signal 
amplitude and output signal amplitude of one power amplifier in a composite 
amplifier in accordance with the present invention; 

Fig. 6 is a diagram illustrating the relationship between drive signal 
phase and output signal amplitude of one power amplifier in a composite am- 
plifier in accor dance with the present invention; 

Fig. 7 is a block diagram of an embodiment of the composite amplifier in 
accordance with the present invention; 

Fig. 8 is a block diagram of another embodiment of the composite am- 
plifier in accordance with the present invention; 

Fig. 9 is a model of the output network of a Chireix amplifier; 

Fig. 10 is a block diagr am of a further embodiment of the composite 
amplifier in accordance with the present invention; 

Fig. 1 1 is a diagram of a circuit for processing the nonlinear signal part 
in the composite amplifier of the present invention; 

Fig. 12 is a diagr am comparing efficiency of a conventional Chireix am- 
plifier to the efficiency of a composite amplifier in accor dance with the present 
invention; and 

Fig. 13 is a flow chart illustrating the method in accordance with the 
present invention. 

DETAILED DESCRIPTION 

In the following description the same reference designations will be used for 
the same or similar elements throughout the figures of the drawings. 

Furthermore, although they are slightiy different, the output networks of both 
Chireix and LINC amplifiers will be denoted Chireix type output networks. 
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Fig. 1 is a block diagram of a conventional Chireix amplifier. The term 
"outphasing", which is the key method in Chireix and LINC amplifiers, gen- 
erally means the method of obtaining amplitude modulation by combining 
two phase-modulated constant-amplitude signals produced in a signal com- 
ponent separator 10. After up-conversion and amplification through RF 
chains 12, 14 (mixers, filters, amplifiers) and power amplifiers 16, 18, the 
outphased signals are combined to form an amplified linear signal in a 
Chireix output combiner network 20. The phases of these constant- 
amplitude outphased signals are chosen so that the result from their vector- 
summation yields the desired amplitude. All amplitudes from zero to full 
amplitude, as well as negative amplitudes, can be obtained in this way. 

The theoretical efficiency of outphasing amplifiers with Chireix-type output 
networks has been derived in [4, 5]. The assumption in [4] is that the two 
constituent amplifiers (i.e. transistors or parallel combinations of transistors) 
are working as class-B or class-C amplifiers in saturation. This makes them 
act as constant RF voltage sources, and the peak efficiency is assumed to be 
the same as for class-B amplifiers. In [5], the assumed peak efficiency is 
100%. In addition to deriving efficiency calculations for constant-voltage- 
source Chireix amplifiers, reference [5] also states that a similar theoretical 
analysis can be performed assuming constant-current RF sources. 

The problems associated with conventional Chireix or LINC amplifiers affect 
both linearity and efficiency. The non-linearity is caused mainly by imbal- 
ances between the RF chains, power amplifiers and in the output combiner. 
The efficiency problem is caused by the high RF drive powers needed to 
saturate the constituent amplifiers. 

The drive power of conventional LINC or Chireix amplifier is constant for all 
output amplitude levels, and higher than the maximum required drive power 
for a class-B amplifier. This is because the constituent amplifiers are re- 
quired to operate as phase-modulated constant-voltage sources, a condition 
which is generally obtained by saturating (overdriving) the amplifiers [4]. The 
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drive signals are constant-envelope signals, which require a high and con- 
stant drive power. 

The problem of having a Constant high drive power is especially severe when 
the transmitter is operating with a high peak-to-average power ratio, or with 
the average output power backed down. For example, if the peak- to-average 
ratio is 10 dB, and the gain of the output transistors at max output is 10 dB, 
the (average) drive power equals the average output power. These quite nor- 
mal figures illustrate the severity of this problem. Even if everything else (in- 
cluding the generation of the constant-amplitude drive signals) is 100% effi- 
cient, the total efficiency would only be 50%. The drive power is thus a major 
contributor to inefficiency in practical Chireix amplifiers. 

The LINC and Chireix amplifiers are theoretically very linear. In practice, 
however, the linearity is deteriorated due to imbalances between the RF 
chains (amplifiers, mixers and filters) from the generation of the constant- . 
envelope signals to the output transistors, and also due to non-ideal and 
unbalanced output networks [6, 7, 8]. The behavior of the output network is 
hard to control with the required precision, especially without trimming. This 
means that it is difficult to produce such amplifiers with sufficient yield. 
Ironically, the feature that many consider the key to linearity in LINC ampli- 
fiers, namely saturated constant voltage operation, is a limiting factor for 
achieving high linearity in practice. This is because the required amplitude 
gain compression makes it hard to correct for amplitude imbalances [7, col. 
43, row 23-30]. 

The high power of the drive signals can also possibly cause non-linearity in 
any outphasing system by leaking to the output without combining in the 
right way. Leakage can also be a problem in systems using linearization 
equipment, where the nonlinear drive signals in this way can reach sensitive 
nodes used for measuring or canceling distortions. 
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By separating each constant-amplitude phase-modulated signal from a 
standard signal component separator 10 into a linear part and a nonlinear 
part, changing the amplitude and phase of these components individually 
according to a set of specific rules, and recombining the parts into a signal 
with new properties, the present invention provides a drive signal to a new 
Chireix-type amplifier. This amplifier will have substantially lower drive 
power consumption than the standard Chireix amplifier, and can be made 
linear over a wide bandwidth, as will be illustrated below. 

Fig. 2 is a block diagram illustrating the principles of a composite amplifier in 
accordance with the present invention. The input signal to the composite am- 
plifier (in order to simplify the expressions the phase-modulation is ignored, 
since it only adds a common phase) may be expressed as 

s m (^)= A(f)coscot 

In accordance with Chireix practice, signal component separator 10 sepa- 
rates this signal into the two constant-amplitude phase-modulated signals 

(*)= cos(tftf + cos -1 y4(0) 
s 2 (V)= cos(cot - cos" 1 A(t^j 

Using the trigonometric identities 

'cos(ct + /?)= cos a cos P - sin a sin /3 
cos(a - 0)= cos a cos P + sin a sin f3 

these signals may be expressed as 
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(t)= A(t)cos cot - sin(cos 1 A($))sm cot 
s 2 (/)= A(t)cos<nt + sin(cos~ l A(t^)sin.<vt 

Using the identity 

cos" 1 a = sin -1 *\/l-a 2 

one obtains 



^ ^[(/)cos tftf - V 1 ^ ^C^) 2 sin 

s 2 (/)= ^(/)cos^ + *y]l-A(ty smart 

From these expressions the in-phase (J) and quadrature-phase (Q) compo- 
nents may be identified as 

' ha = At) 

< 

Q h2 =±jl-A(tf 

These signals are generated by IQ generators 22, 24. It is noted that both 
signals have equal in-phase components and equal magnitude quadrature- 
phase components with opposite signs. Furthermore, it is noted that the in- 
phase components are linear in Aft), whereas the quadrature-phase compo- 
nents are non-linear in Aft). 
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In accordance with the present invention the J and Q components are indi- 
vidually adjusted with respect to amplitude and phase in amplitude-phase 
adjusters 26, 28, 30, 32. Several adjustment methods, which include both 
constant and frequency dependent adjustments, will be discussed below. 
The adjusted I and Q components are added in adders 34 and 36, respec- 
tively, and then forwarded to RF chains 12, 14. In an analog embodiment 
adders 34, 26 may, for example, be realized as hybrids. In a digital embodi- 
ment the are digital adders. As indicated by an antenna, the composite am- 
plifier may be part of a transmitter, for example a transmitter in a base station 
in a cellular mobile radio communication system. 

A first method of adjusting the phases and amplitudes of the J and Q drive 
signal components is based on emulating the behavior of the output network 
(which is assumed perfectly balanced) when a constant-voltage condition is 
imposed on the output transistors. The same voltage amplitude, usually the 
maximum allowed RF voltage, is used for both transistors. 

The complex adjustment factors for the linear I parts are obtained by calcu- 
lating (for example by using a model of the amplifier) the current in each 
transistor output node when the transistor output node voltages are equal. 
This is due to the fact that the linear parts of the voltage at the transistors 
should be in-phase with each other. 

The complex adjustment factors for the non-linear Q parts are obtained by 
calculating (using the model) the current in each transistor output node 
when the transistor node voltages are of equal magnitude but of opposite 
sign. This is due to the fact that the nonlinear parts of the voltage at the 
transistors should be in anti-phase with each other (and, as stated before: in 
quadrature with the linear parts). 

To obtain the desired drive signal at a certain point in the chain, these ad- 
justment factors (which are in the form of output current) are divided by the 
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gain and compensated for the phase (and corresponding dimension changes) 
of the RF chain back to adjustment elements 26, 28, 30, 32. 

Figures 3-6 illustrate the relationship between one of the drive signals and 
the output signal amplitude for a conventional Chireix amplifier (Fig. 3-4) 
and for composite amplifier in accordance with the present invention (Fig. 5- 
6). As can be seen from these figures, the magnitude is non-constant and 
smaller for the present invention. The phase dependence is also different, 
with a greater total range and a different variation pattern. 

Fig. 7 is a block diagram of an embodiment of the composite amplifier in ac- 
cordance with the present invention. The embodiment in fig. 2 is a modifica- 
tion of a conventional Chireix amplifier. However, inspection of the expression 
for the in-phase component above, reveals that it is actually the same as the 
input signal. Thus, signal component separator 10 from the Chireix amplifier 
is actually not required to produce this signal. Instead the embodiment in fig. 
7 requires only a quadrature-phase component generator 38, and this gen- 
erator may be used to generate both Q components, since they only differ in 
sign. 

Fig. 8 is a block diagram of another embodiment of the composite amplifier in 
accordance with the present invention. This embodiment illustr ates a second 
method (which does not assume an ideal balanced Chireix network) to adjust 
the amplitudes and phases of the linear parts to obtain maximum power 
output and maximum efficiency at the maximum input excitation level (with 
otherwise linear behavior). This can be done in a model of the amplifier, to 
obtain adjustment factors, or in the amplifier itself. The result of this opera- 
tion is amplifier performance and efficiency similar to a class-B amplifier 
using the same transistors. 

In this embodiment the amplitudes and phases of the nonlinear signal com- 
ponents are adjusted in order to minimize the average current consumption. 
This condition usually allows at least one of the transistors to have constant 
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and maximum output voltage. Since this procedure should preferably be 
performed while ensuring linearity in the output, the amplified nonlinear 
signals should cancel each other at the output. As will be shown below, it is 
possible to achieve such a cancellation. However, in order to explain how 
this is done, it will be necessary to introduce a model of the output network 
of a Chireix amplifier. 

Fig. 9 illustrates such an output network model. In this model the active part 
of the amplifier transistor outputs are modeled as linear controlled current 
generators. The finite output conductances of the transistors are denoted z P i 
and z P 2, respectively. The impedances presented to each current generator 
output node are defined as: 

, -21 
h 

Similarly, the transimpedances, i.e. the voltage at the inactive amplifier out- 
put in response to an output current at the active amplifier, are defined as: 

_ v 2 



Another quantity of interest is how RF currents from the output nodes of 
amplifier 16 and 18 transform into voltages at the output node of the com- 
posite amplifier. This quantity is represented by the output transimpedances 

_ __ v 0 

Assuming that all components are reasonably linear, superposition can be 
used for analyzing this model. 




0 
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Returning to Fig. 8, since the output network (including combiner 20 and in- 
put lines to this combiner) may be unbalanced, it follows that 2b i may be dif- 
ferent from 262. Since the nonlinear signal parts should cancel each other at 
the output, it is required that the linearity condition 

is fulfilled, where qi and qi are the adjusted nonlinear components. The con- 
dition is possible since the nonlinear parts are identical, except for the sign. 
A simple way to fulfil this condition is to include a filter in each branch that 
emulates the output transimpedance of the other br anch. Thus, in Fig. 9 a 
filter 40 emulating transimpedance 262 is included in the upper branch and a 
filter 42 emulating transimpedance 2bi is included in the lower branch. An- 
other possibility is to have a compensating filter in only one of the branches, 
for example 262 * zor 1 in the upper branch (here **" denotes convolution in 
the time domain and multiplication in the frequency domain). In the em- 
bodiment of Fig. 8 it is possible to combine elements 28, 40 and 30, 42, re- 
spectively, to obtain frequency dependent amplitude and phase adjustment 
of the nonlinear drive signals. 

By inserting wideband, frequency-dependent transimpedances Zoi and 262 
into the linearity condition, as described in the previous paragraph, instead 
of only their values at one specific frequency, linearity in the output is ob- 
tained over a wide bandwidth, Thus the non-linear part will cancel in the 
output for all frequencies within some specified bandwidth. 

Good efficiency generally requires that the supply voltage is maximally uti- 
lized. In certain types of output networks this can be obtained for both tran- 
sistors, but generally it can be obtained at least for one transistor. This im- 
plies making frequency-dependent adjustments also to one or both of the 
linear parts (in addition to the described adjustment for linearity with filters 
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that give a desired frequency dependence for the nonlinear parts). In general, 
one transistor output voltage can be made free from frequency dependencies 
altogether. For good efficiency, freedom from frequency dependence is not 
necessary- Usually, it is sufficient if the linear part and the nonlinear part of 
the transistor output voltage have substantially the same frequency depend- 
ence. An embodiment of the present invention incorporating these ideas is 
illustrated in Fig. 10. 

Fig. 1 1 is a diagram of a circuit for processing the nonlinear signal part in the 
composite amplifier of the present invention. This circuit is based on the Reci- 
procity Theorem, which states that: A current injected in the output node 
gives the same voltage response at the input nodes(s) as the same current in- 
jected at the input node would give at the output node. This means that a 
flipped, scaled copy of the output network illustrated in Fig. 9 can be used to 
obtain the desired signals qi and q2. 

An alternative to the network of the preceding paragraph is a network of two 
non-flipped, scaled copies of the output network in fig. 9, or another network 
that gives the desired frequency response difference. 

Assuming an amplifier adjusted for proper operation at the center frequency, 
the frequency-dependent modifications to the linear and nonlinear drive com- 
ponents can be expressed in several different ways. One example is: 



Linear part to amplifier 1 6 
Linear part to amplifier 1 8 
Nonlinear part to amplifier 16 
Nonlinear part to amplifier 1 S 



_-l 

„-l 
-=•01 



(normalized) 
(normalized) 
(normalized) 
(normalized) 



This embodiment is symmetrical with respect to the two amplifiers 16, 18. 
Another example is: 
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Linear part to amplifier 16 : 

Linear part to amplifier 1 8 : z{\ 

Nonlinear part to amplifier 16 : z ol 

Nonlinear part to amplifier 18 : z~\ 

This embodiment is better for amplifier 16. A further example is: 

Linear part to amplifier 16 
Linear part to amplifier 1 8 
Nonlinear part to amplifier 16 
Nonlinear part to amplifier 1 8 

This embodiment eliminates the frequency dependence at the output node of 
one transistor (transistor of amplifier 16 in this case). 

The present invention results in a composite amplifier that is driven with 
non-constant amplitude signals, where especially the nonlinear parts are 
scaled down considerably compared to prior art solutions. The operating 
principle of the transistors of the amplifier has been changed, from constant- 
voltage gener ation through nonlinear saturated operation, as in the conven- 
tional Chireix amplifier , to generating controlled currents that make the out- 
put linear, possibly in a wide bandwidth, while maintaining the high DC to 
RF conversion efficiency of the original Chireix amplifiers. The amplitude of 
the drive signals follow the current consumption of the amplifier, instead of 
the transistor voltages as in prior art. The drive power is therefore reduced 
significantly, and the total efficiency is increased correspondingly. As illus- 
trated by Fig. 12, the average efficiency is substantially higher than for prior' 
art solutions, especially for high peak-to average power ratios. For a 9-dB 
peak-to-average power ratio, the average drive power in this example (with 
10-dB gain) is one twentieth of that of a best-case prior art solution. 
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Furthermore, as has been demonstrated above, with the present invention 
the linearity of a Chireix or LINC type amplifier can be considerably in- 
creased. The increase in linearity can be obtained for wide bandwidths, by 
using wideband filtering systems separately on linear and nonlinear signal 
parts. 

Since the nonlinear part of the drive signal (and hence the output current of 
the driven transistor) is scaled down considerably compared to previous so- 
lutions, the requirements for balance between paths and in the output com- 
biner network are alleviated. Due to the substantially linear operating mode 
of the transistors, the possibility for adjustments to correct for amplitude 
imbalances is also greater than with prior art solutions. The precision re- 
quired, in prior art solutions, for generating the nonlinear signal part in the 
signal component separator is also considerably lowered, since any nonlin- 
ear signal part in principle can be cancelled in the output using the pro- 
posed method. The precision necessary for obtaining high efficiency in the 
new system is considerably lower than the precision previously required for 
obtaining linearity. 

The present invention thus increases both efficiency and linearity of an RF 
amplifier substantially. The solution reduces the precision requirements for 
the combining network, RF chains and signal component separation, thereby 
simplifying production of these amplifiers. 

The method in accordance with the present invention is summarized in Fig. 
13. In step SI the linear and nonlinear components for each branch are 
formed. Step S2 adjusts the amplitudes and phases of these components 
and step S3 adds the adjusted linear component to the adjusted nonlinear 
component in each branch. 

In the description above, the non-liner component was defined by the func- 
tion 
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In an embodiment where the amplifiers are kept out of saturation this func- 
tion may be replaced by 

where 7c is a constant that is slightly smaller than the (normalized) satura- 
tion input amplitude. 

From the discussion above, it should be clear that the efficiency of the com- 
posite amplifier can in fact be increased by forming a non-constant drive sig- 
nal that depends non-linearly on the amplitude of the input signal to only one 
of power amplifiers 16, 18. Thus, the most general concept of the present in- 
vention is that at least one of the power amplifiers is driven by such a signal. 

It will be understood by those skilled in the art that various modifications 
and changes may be made to the present invention without departure from 
the scope thereof, which is defined by the appended claims. 
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CLAIMS 

1. A composite amplifier including a first and a second power amplifier con- 
nected to a Chireix type output network, said composite amplifier having a 
modulated input signal and substantially constant voltage amplitude at the 
output nodes of said power amplifiers, said composite amplifier including 
means generating, for at least one of said power amplifiers, a low power drive 
signal having non-constant amplitude that depends non-linearly on the am- 
plitude of said input signal. 

2. The amplifier of claim 1, including means for forming each low power drive 
signal as a combination of a linear drive signal component, which depends 
linearly on the amplitude of said input signal, and a non-linear drive signal 
component, which depends non-linearly on the amplitude of said input signal. 

3. The amplifier of claim 2, including means for individually adjusting at least 
one of amplitude and phase of at least one of said linear and non-linear drive 
signal components to lower drive power consumption. 

4. The amplifier of claim 3, including means generating low power drive sig- 
nals for both power amplifiers. 

5. The amplifier of claim 4, including 

means for adjusting amplitude and phase of said linear drive signal 
components by determining, based on a model emulating the behavior of said 
output network, amplitude and phase of the current in each power- amplifier 
output node when the o\itput node voltages of both power amplifiers are 
equal; and 

means for adjusting amplitude and phase of said non-linear drive signal 
components by determining, based on said model emulating the behavior of 
said output network, amplitude and phase of the current in each power' am- 
plifier output node when the output node voltages of both power amplifier s are 
of equal magnitude but have opposite signs. 
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6. The amplifier of claim 4, including 

means for adjusting amplitude and phase of said linear drive signal 
components for maximizing output power and efficiency at maximum input 

signal amplitude; and 

means for adjusting amplitude and phase of said non-linear drive signal 
components for minimizing average power consumption. 

7. The amplifier of claim 3, including means for frequency dependent ampli- 
tude and phase adjustment of said non-linear drive signal component. 

8. The amplifier of claim 3, including means for frequency dependent ampli- 
tude and phase adjustment of both said linear and non-linear drive signal 
components. 

9. The amplifier of claim 3, wherein said non-linear drive signal component 
depends as ^l-A(t) 2 on the amplitude Aft) of said input signal. 

10. The amplifier of claims 3, wherein said non-linear drive signal component 
depends as ^l-(k-A(t)) 2 - A(t) - yll-k 2 on the amplitude Aft) of said input sig- 
nal, where Jc is a constant slightly smaller than 1. 

11. A transmitter including a composite amplifier having a first and a second 
power amplifier connected to a Chireix type output network, said composite 
amplifier having a modulated input signal and substantially constant voltage 
amplitude at the output nodes of said power amplifiers, said composite ampli- 
fier including means generating, for at least one of said power amplifiers, a low 
power drive signal having non-constant amplitude that depends non-linearly 
on the amplitude of said input signal. 

12. The transmitter of claim 11, including means for forming each low power 
drive signal as a combination of a linear drive signal component, which de- 
pends linearly on the amplitude of said input signal, and a non-linear drive 
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signal component, which depends non-linearly on the amplitude of said input 
signal 

13. The transmitter of claim 12, including means for individually adjusting at 
least one of amplitude and phase of at least one of said linear and non-linear 
drive signal components to lower drive power consumption. 

14. The transmitter of claim 13, including means generating low power drive 
signals for both power amplifiers. 

15. The transmitter of claim 14, including 

means for adjusting amplitude and phase of said linear drive signal 
components by determining, based on a model emulating the behavior of said 
output network, amplitude and phase of the current in each power amplifier 
output node when the output node voltages of both power amplifiers are 
equal; and 

means for adjusting amplitude and phase of said non-linear drive signal 
components by determining, based on said model emulating the behavior of 
said output network, amplitude and phase of the current in each power am- 
plifier output node when the output node voltages of both power amplifiers are 
of equal magnitude but have opposite signs. 

16. The transmitter of claim 14, including 

means for adjusting amplitude and phase of said linear drive signal 
components for* maximizing output power and efficiency at maximum input 
signal amplitude; and 

means for adjusting amplitude and phase of said non-linear drive signal 
components for minimizing average power consumption. 

17. The transmitter of claim 13, including means for frequency dependent 
amplitude and phase adjustment of said non-linear drive signal component. 
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18. The transmitter of claim 13, including means for frequency dependent 
amplitude and phase adjustment of both said linear and non-linear drive sig- 
nal components. 

19. The transmitter of claim 13, wherein said non-linear drive signal compo- 
nent depends as ^l-A(t) 2 on the amplitude Aft) of said input signal. 

20. The transmitter of claims 13, wherein said non-linear drive signal compo- 
nent depends as yjl-(k-A(t)) 2 -A{t) -4l-k 2 on the amplitude Aft) of said input 
signal, where k is a constant slightly smaller than 1 . 

21. A method of driving a composite amplifier including a first and a second 
power amplifier connected to a Chireix type output network, said composite 
amplifier having a modulated input signal and substantially constant voltage 
amplitude at the output nodes of said power amplifiers, said method including 
the step of generating, for at least one of said power amplifiers, a low power 
drive signal having non-constant amplitude that depends non-linearly on the 
amplitude of said input signal. 

22. The method of claim 21, including the step of forming each low power 
drive signal as a combination of a linear drive signal component, which de- 
pends linearly on the amplitude of said input signal, and a non-linear drive 
signal component, which depends non-linearly on the amplitude of said input 
signal. 

23. The method of claim 22, including the step of individually adjusting at 
least one of amplitude and phase of at least one of said linear and non-linear 
drive signal components to lower drive power consumption. 

24. The method of claim 23, including the step of generating low power drive 
signals for both power amplifiers. 
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25. The method of claim 24, including the steps of 

adjusting amplitude and phase of said linear drive signal components 
by determining, based on a model emulating the behavior of said output net- 
work, amplitude and phase of the curr ent in each power amplifier output node 
when the output node voltages of both power amplifiers are equal; and 

adjusting amplitude and phase of said non-linear drive signal compo- 
nents by determining, based on said model emulating the behavior of said 
output networ k, amplitude and phase of the current in each power amplifier 
output node when the output node voltages of both power amplifiers are of 
equal magnitude but have opposite signs. 

26. The method of claim 24, including the steps of 

adjusting amplitude and phase of said linear drive signal components 
for maximizing output power and efficiency at maximum input signal ampli- 
tude; and 

adjusting amplitude and phase of said non-linear drive signal compo- 
nents for minimizing average power consumption. 

27. The method of claim 23, including the step of frequency dependent am- 
plitude and phase adjustment of said non-linear drive signal component. 

28. The method of claim 23, including the step of frequency dependent am- 
plitude and phase adjustment of both said linear and non-linear drive signal 
components. 

29. The method of claim 23, wherein said non-linear drive signal component 
depends as ^l-A(t) 2 on the amplitude Aft) of said input signal. 

30. The method of claims 23, wherein said non-linear drive signal component 
depends as ^l-{k A{t)) 2 -A{t) 4l-k 2 on the amplitude Aft) of said input sig- 
nal, where k is a constant slightly smaller than 1 . 
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